This study used a small wearable heart rate sensor to monitor the daily autonomic function of 600 subjects from across all age groups over a prolonged period of time. The results indicated that the LF/HF ratio (Heart Rate Variability, LF: frequencies between 0.04 Hz -0.15 Hz, HF: frequencies between 0.15 Hz -0.4 Hz) an indicator of balance in the autonomic nervous system, tended to peak for subjects in their 40's and decline thereafter. This conceivably may be partially due to the causes for concern and stress changing and/or declining for the group aged 50-plus. A decline in diurnal variation of autonomic nervous activity was also exhibited in subjects aged 50 and up, showing a tendency for decline in the function of rising sympathetic nerve activity particularly in the morning. It is conceivable that this stems from a decline in the responsiveness of the autonomic nervous system. Subjects in the 50-plus group furthermore exhibited a tendency for declining variation in autonomic nervous activity between sleeping and waking hours. This phenomenon was consistent with the tendency for there to be a rise in wake after sleep onset coupled with a decline in slow-wave sleep in middle-to old-age.
Introduction
Having breached the threshold of being a hyper-aging society, the prevalence of lifestyle-related diseases and soaring medical costs have emerged as issues of dire consequence in Japan. Modern-day society, in particular, is referred to as a "stress society" and according to statistics from the Health, Labour, and Welfare Ministry [1] , nearly half of all people are living with some kind of stress as 46.5% of people reported experiencing worries or stress in their daily lives ( Figure 1 ).
It is said that this kind of stress suffered by many Japanese people is closely related to autonomic nervous function [2] . Seen structurally and functionally, the autonomic nerves are positioned to connect the internal environment and the external environment, harmonize the functions of the body, regulate homeostasis (cardiovascular/respiratory control, body temperature regulation, gastrointestinal motility, urine/feces excretion function, reproductive function, metabolism/endocrine function), and perform adaptive response to stress ("fight or flight" reaction). Thus, the autonomic nervous system is doing what could be called indefatigable work in order to ensure the survival and proliferation of the species [3] .
In 1921 Langley, a physiologist at the University of Cambridge, published "Autonomic Nervous System" and classified the autonomic nervous system into three systems: sympathetic nerves, parasympathetic nerves, and enteric nerves, establishing the current concept of autonomic nerves [3] .
The sympathetic nerves together with parasympathetic nerves form the autonomic nervous system, and are the nerves that control the secretory glands, blood vessels, internal organs, and so on. During mental stimulation or exercise, they work to increase the activity of the whole body, such as secreting saliva, increasing blood pressure/blood sugar, constricting blood vessels in the skin and internal organs, and collecting blood in the muscles/brain [3] .
On the other hand, the parasympathetic nerves emanate from the brain region and the sacral region and, mainly through the vagus nerve, secrete acetylcholine as a neurotransmitter. It acts to suppress the heart and excite the gastrointestinal tract. It also acts to promote bile secretion, promote secretion of tears and saliva, dilate the pupils, etc. These autonomic nervous functions are affected not only by physical stress but also by psychological stress [3] . Traditionally, evaluation based on subjective values has been used as the means for quantifying stress. The Beck Depression Inventory (BDI) developed by Beck et al. [4] is a self-administered system of 21 question items that makes it possible to evaluate the severity of depression symptoms in the past two weeks.
The adequate reliability and validity of the Japanese version of BDI have been confirmed by Sameshima et al. [5] . Developed by Zung [6] , SDS (Self-rating Depression Scale) is a measure consisting of 20 items for evaluating emotional, physiological and psychological aspects of depression symptoms. The reliability and validity of the Japanese version of SDS have been confirmed by Fukuda et al. [7] . CES-D consists of 20 items, and is answered based on a 4-point scale [8] .
The reliability and validity of the Japanese version of CES-D are being studied by Shima et al. [9] .
Meanwhile, there are measurement methods using saliva, blood, and brain waves to evaluate stress based on objective values. Regarding saliva, it is possible to measure substances such as cortisol, which is an indicator of endocrine activity, SIgA, which is an indicator of immune activity, and α-amylase, which is an indicator of sympathetic nerve activity, and all of these are known to reflect states of acute and chronic stress [10] .
Regarding blood, it is said that cytokines are produced in the brain when under stress, and cytokines are produced from the immune cells in the blood through acceleration of the hypothalamus and autonomic nerves. There are reports that patients with depression have increased levels of such cytokines [11] . Regarding brain waves, the term alpha waves refers to the 8 -13 Hz component of the electrical signal (brain waves) generated by the human or animal brain, and in the brain waves at the time of relaxation or when the eyes are closed, the proportion occupied by alpha waves is higher than that of other frequency components. They decrease when the eyes are open or during visual stimulation, physical exercise, or mental activity such as arithmetic memorization, or when nervous or asleep. At the present time, it has been found that alpha waves increase when relaxing [12] .
However, these objective indices are, in the case of saliva measurement, time-consuming to collect and evaluate, and in the case of blood measurement, they are invasive, so there is a considerable physical burden on the test subject.
Also, in the case of brain wave measurement, it is necessary to mount electrodes in multiple places, and it becomes a large-scale measurement. Therefore, it is difficult to evaluate stress easily using these methods, and they are not suitable for obtaining long-term data from a large number of test subjects.
Therefore, heart rate variability analysis can be included as a method for evaluating autonomic nervous function more simply and non-invasively. In recent years, it has become possible to measure the fluctuation of the heartbeat (interval between heartbeats) by using a small wearable heart rate sensor that can be worn in everyday life, and use heart rate variability analysis to calculate the indices of sympathetic nerve activity and parasympathetic nerve activity.
Generally, there is fluctuation of the heartbeat in a living body, and when this fluctuation is frequency analyzed, a peak can be seen at a certain frequency. In the case of a person, there appear a high frequency component (0.15 -0.40 Hz: HF) reflecting the variation of the respiratory cycle and a low frequency component (0.05 -0.15 Hz: LF) reflecting fluctuation in blood pressure, both of which reflect autonomic nerve activity. It is said that HF is regulated by the parasympathetic nerves, and LF is regulated by both sympathetic and parasympathetic nerves [3] .
There are several prior studies of the relationship between autonomic nervous indices and physiological phenomena that used such heart rate variability analysis.
Previous research has explored the relationship between the severity of depression based upon the SDS ("Self-rating Depression Scale") and autonomic activity obtained by analyzing heart rate variability from a Holter ECG monitor in 31 subjects (12 males and 19 females) diagnosed with mood disorders. In association with the severity of depression, the results demonstrated a significant rise in sympathetic nerve function along with significantly diminishing parasympathetic nerve function. Accordingly, in assessments of depression severity conducted with the use of Holter ECG monitors, these results support the onset of abnormalities in autonomic nerve function brought on by depression [13] .
In another paper examining the effects of depression on the autonomic nervous system in 16 male subjects diagnosed with mild heart attacks, a trend was observed of elevated sympathetic nerve function and suppressed parasympathetic nerve function as subjects' scores rose on the SDS (denoting increasingly severe depression) [14] . Thus, abnormalities in autonomic nervous function wherein the sympathetic nerves are excited and the parasympathetic nerves are suppressed may conceivably have an effect on the pathogenesis and prognosis of heart attacks.
Also, in the Multiethnic Study of Atherosclerosis (MESA), a leading epidemiological study in the United States, as a result of investigating the relationship between depression symptoms, anger, anxiety, social support scores and parasympathetic nerve functions, evaluated in questionnaire form, it was observed that there was a significant negative association with symptoms of depression.
Therefore, it is said that continuing depression in particular affects autonomic nervous function, especially parasympathetic function [15] .
In addition to those people who have specific diseases as described above, there are several reports that the balance of the autonomic nervous system also changes with age. This is because the internal environment of the human body is kept constant by the homeostasis mechanism, but with age the balance of the autonomic nervous system deteriorates, so it is said to become difficult for the body to respond appropriately to changes in the external environment. In previous reports, a gradual decline in parasympathetic function due to aging in females and predominance of sympathetic function due to aging in males have been recognized, but many reports are based on the results of short-term measurement [16] .
Consequently, in this study we used a small wearable heart rate sensor capable of long-term monitoring to test how age-related changes in levels of autonomic activity and diurnal variations in the autonomic nerves change as a function of age. We also attempt to reveal variations across age groups, diurnal variations, and variations between sleeping and waking states by monitoring a large pool of subjects ranging across all age groups as they went about their daily lives.
Methodology
In this study, we measured biological data from 600 subjects (329 males, 271 females) for a prolonged period of time (24 hours)using a small wearable heart rate sensor (WHS-1) produced by Union Tool Co., shown in Figure 2 . Regarding the experiment, it was carried out after obtaining approval from the ethics committee of the medical institution and informed consent from the test subjects.
The small wearable heart rate sensor can measure RR intervals, body surface temperature, and triaxial acceleration. The sensor's sampling frequency for heart-rate intervals, body surface temperature, and triaxial acceleration is 1000
Hz, 1 Hz, and 31.25 Hz, respectively. Table 1 shows the distribution of gender and ages of the subjects. nents is referred to as total power (TP), and is considered to be an indicator of overall autonomic nervous activity. Our method for computing indicators of autonomic nerve activity adhered to procedures from paper [17] in the references. These indicators of autonomic nerve activity are also said to correlate with fatigue [18] .
In this experiment, we use solely the data where subjects exhibit little body movement from among the long-term measurement data. To analyze the data, body movement levels were determined on the basis of the acceleration sensors embedded in the small wearable heart rate sensor using the supplied software (produced by WINFrontier Co.). It has been reported that, in general, the composite value of triaxial acceleration correlates to body activity indicators and energy consumption, and the values change while walking, running, and resting
The threshold for the composite value of acceleration was configured in alignment with each of the activities (walking, running, resting) on the sensor to distinguish the activity. Only the data determined as being recorded at rest when there is little body movement was used. IBM SPSS Statistics Version 22 was used for statistical processing in this study, with the level of statistical significance being 5%. We used the games-howell method for multiple comparison.
The Relationship between Autonomic Nerve Function and Aging
We investigated the relationship between age and the LF component of the autonomic nerve indicators. It is said that the LF component is a low frequency component (0.05 -0.15 Hz) of heart rate variability analysis and is regulated by both sympathetic and parasympathetic nerves [3] , but as it decreases with administration of β blockers (propranolol: 0.15 mg/kg), sympathetic nerves are said to be heavily involved [22] .
Subjects were divided into six groups from teenagers to subjects aged 60-plus and the Games-Howell method was used to conduct multiple comparisons in order to examine the variances between groups. The results are shown in Figure   3 and Table 2 . The results demonstrate a tendency for LF to peak in the 30's and trend downward thereafter.
Subsequently, the HF component was studied. Since the HF component is considered to be the high frequency component (0.15 -0.40 Hz) of heart rate variability analysis and disappears with a parasympatholytic drug (atropine: 0.04 mg/kg), the cardiac vagus nerve is thought to be involved, and is said to display parasympathetic nervous activity [23] .
The Games-Howell method was used to conduct multiple comparisons to examine the variances between the groups. The results are shown in Figure 4 and Table 3 . The results indicate a tendency for HF to peak in the 20's and decline thereafter, reversing to an upward trend in the 60's. Next, we investigated the relationship between total power (TP), an indicator of the autonomic nerves, and age. Total power is the sum of the LF and HF components and is considered to be an indicator representative of the volume of autonomic nerve activity [17] . Total power is said to be correlated with fatigue, and smaller values of total power are thought to indicate higher levels of fatigue accumulation [18] .
The subjects were divided into six groups from teenagers to subjects aged 60-plus, and the Games-Howell method was used to conduct multiple comparisons in order to examine the variances between groups. The results are shown in Figure 5 and Table 4 . The results indicate a tendency for TP to peak in the 20's with a declining trend thereafter.
Earlier studies also showed a tendency for LF, HF, and total power to decrease with aging [16] [24], and the same trend was observed in this study as well. In addition, it is possible that the trend of HF increasing in subjects in their sixties is influenced by the lifestyle changes that result from retirement, etc.
Finally, we examine the relationship between age and the LF/HF ratio, an indicator of the autonomic nerves. The LF/HF ratio is considered to be an indicator of the balance between the sympathetic and parasympathetic nerves, or an indicator of sympathetic nerve activity, although as mentioned earlier, interpretations are split. The subjects were divided into six groups from teenagers to subjects aged 60-plus, and the Games-Howell method was used to conduct multiple comparisons in order to examine the variances between groups. The results are shown in Figure 6 and Table 5 . The results indicate a tendency for the Figure 5 . Relationship between TP and age. LF/HF ratio to peak in the 40s and trend downward thereafter.
In previous studies by Zhang et al. [24] , there was a tendency for this LF/HF decrease from a peak in the subject's 50's, which is about 10 years different from this study, but the tendency for stress to decrease with is consistent.
In addition, looking at the Ministry of Health, Labor and Welfare statistics shown in Figure 7 [1], there is a tendency for the proportion of anxiety and stress in everyday life to decrease from a peak in the subject's 40's, and it is consistent with the LF/HF changes with age of this study.
Also, in the Ministry of Health, Labor and Welfare statistics shown in Figure   8 [1], there are two anxieties that increase in those in their 50's and above-"my illness and nursing care" and "family illness and nursing care"-and the trend is for other anxieties to decrease. Thus, the number of anxieties for people in their 50's and above is reduced compared with the younger generation, they are mentally mature, and can be considered possible that by acquiring methods to cope with stress they have a higher stress tolerance.
The Relationship between Autonomic Nervous Function and Circadian Rhythm/Sleep
In this section, we analyzed the relationship between the autonomic nerve indicator LF/HF ratio and diurnal variations in order to assess the relationship between autonomic nerve function and diurnal variations. The analysis divided one day into eight three-hour sections. Figure 9 , Table 6 , and Table 7 show the aggregate results for subjects under the age of 50. Figure 10 , Table 8 , and Table 9 Figure 7. Presence of worries or stress by age and sex (age 12 and over). show the aggregate results for subjects aged 50-plus.
Comparing the diurnal variations of the LF/HF ratio for subjects below 50 against subjects aged 50-plus reveals striking differences in the elevation rates of the LF/HF ratio from between 3:00 and 6:00 in the morning to between 6:00 and 9:00 in the morning. Looking at the standard deviation of the average value of LF/HF in each time period, it is 0.739 for those under 50 years old, but it is 0.419 for those 50 years old and above, and the trend is for the fluctuation of autonomic nervous function to decrease in the elderly.
Sympathetic nerve activity should become vigorous in the morning in preparation for activity during the day because of human circadian rhythms; however, this switch is faint for subjects aged 50 and up. In other words, this may indicate the possibility of a decline in responsiveness of the autonomic nerves and a drop off in adaptability to the external environment.
There are several previous studies on the decline in responsiveness of the autonomic nervous system with aging, and when healthy people of different generations were examined using the orthostatic hypotension test, the deep breath test, and the perspiration reaction, the average reaction amount statistically significantly decreased as the age group increased, and the response of the autonomic nerves to changes in the environmental or the body tended to be slower [25] . Shimazu et al. also report increased sympathetic function and decreased responsiveness of the autonomic nervous system associated with aging [26] .
Thus, the tendency of LF/HF in this study appears the same as the trend for autonomic nerves to change with age seen in previous studies, and a tendency was seen that suggests a decrease in responsiveness with aging.
Next, we analyzed the relationship between the autonomic nerve indicator LF/HF ratio while sleeping and waking. Figure 11 , Table 10, and Table 11 show a comparison of the LF/HF ratio while sleeping and waking for subjects under the age of 50. Figure 12 , Table 12 and Table 13 show a comparison of the LF/HF ratio while sleeping and waking for subjects aged 50-plus.
Comparing the variations while sleeping and waking of the LF/HF ratio for subjects under 50 and subjects aged 50 and up, although both groups exhibit significant differences while sleeping and while waking, the variations between Table 7 . Relationship between LF/HF and circadian rhythm in subjects under 50 years of age (multiple comparisons). wave sleep in middle-to old-age [27] ( Figure 13 ).
Also, just as changes in autonomic nervous system and endocrine system rhythms, such as reduced secretion of melatonin and cortisol, are reported to be Figure 13 . Relationship between age and sleep.
age-related [28] , in this study also there was a trend that suggests a decrease with age in autonomic nervous function while sleeping as one of the causes.
Conclusions
Long-term monitoring of autonomic nerve function of 600 subjects across all age groups as they went about their daily lives revealed the following:  The LF/HF ratio, an indicator of autonomic nerve balance, demonstrated a tendency to peak in the 40's and decline thereafter, conceivably due partially to causes of concern and stress changing and declining for individuals aged 50-plus.  Diurnal variation of autonomic nerve activity tended to decline for subjects aged 50-plus, exhibiting a tendency for a drop in rising sympathetic nerve activity function particularly in the morning, which may conceivably stem from declining responsiveness of the autonomic nervous system.  Differences in autonomic nerve activity between sleeping and waking hours exhibited a tendency to decline in subjects aged 50-plus, which is consistent with the tendency for rising levels of wake after sleep onset and declining levels of slow-wave sleep in middle-to old-age.
Moving forward, we hope to examine what kind of differences emerge in these trends as well as see how the conclusions reached herein change as the result of adding correlational analysis with other biological indicators such as saliva and brain waves.
